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Abstract 
Pure ZnO have been prepared on amorphous SiO2 substrates from a precursor solution of dihydrated zinc acetate and 
absolute alcohol. The sol was deposited on the substrates by the spin-coating technique. After de deposit of each layer, a 
drying treatment was performed at 200 ºC for10 min, to solidify the deposited material. Finally, all the specimens were 
thermally treated at 450 ºC for 3 h to crystallize them. The characterization by X rays diffraction was performed using the 
glancing angle configuration and films morphology was observed with an Atomic Force Microscope and by Field 
Emission Scanning Electron Microscopy. Photoconductivity was studied in function of the wavelength at 50 ºC using the 
four-points method and illuminating by arrays of LEDs with different wavelengths.  
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1. Introduction 
ZnO exhibits a wide band gap (3.3 eV at room temperature) semiconductor with large exciton binding energy 
(60 meV). It has been used in various devices such as gas sensors, varistors and transparent electrodes. 
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Moreover, ZnO has potential for light-emitting diodes (LEDs), laser diodes and UV detectors [Y. Liu et al. 
2000; K. Kim et al. 2000; S. Liang et al. 2001; M. Liu et al. 2004]. Till now there are few reports on the 
photoresponse of metal/semiconductor/metal detectors made of ZnO nanostructured films grown on glass.  
The aim of this work was to investigate the photoelectric properties at 50 ºC of nanometric pure ZnO films 
(on specimen with 12 layers) as prepared by sol-gel and by spin-coating deposition. The variation of 
photoconductivity with luminescent excitation at different wavelength , using two different intensity values, 
is reported. 
 
2. Experimental procedure 
Pure ZnO films were deposited on amorphous SiO2 substrates from a precursor solution of dihydrated zinc 
acetate solved in ethanol, absolute GR for analysis (Merck), to which water and acetic acid were added to 
promote hydrolysis. The solution was stirred at 65 ºC under reflux for 1 h till the solution becomes transparent 
and homogeneous. The sol was deposited on the substrates by the spin-coating (3000 rpm) technique. After 
depositing each layer, a drying treatment was performed at 200 ºC for 10 min. Specimens composed of 8 and 
12 layers were prepared and they were crystallized by thermal treatment at 450 ºC for 3 h. 
The characterization by X rays diffraction (GIXRD) was performed using the glancing angle configuration 
with a conventional Philips PW 3710 diffractometer (using the CuK  radiation) fixing an incidence angle 
i =1º. The mean ZnO crystallites diameter was calculated using the Scherrer equation [H.P. Klug and L.E. 
Alexander, 1974]. 
The films morphology was observed with an Atomic Force Microscope (AFM) and by Field Emission 
Scanning Electron Microscopy (FESEM) with a Carl Zeiss FESEM DSM 982 Gemini microscope. These 
techniques enabled to evaluate the films thickness (t): the AFM technique scratching the specimen with a steel 
point and measuring the depth of the formed step and FESEM was directly accomplished through the cross-
section images. 
The electrical characterization was performed by the conductivity measurement using the four-point method 
with the configuration shown in Figure 1. Au contacts were deposited by sputtering on the films, using a 
matrix specially designed for this technique. To assure ohmic contacts with the terminals, an Ag painting drop 
was deposited on the Au in connection sites. In the four points method, the Au electrodes are equidistant 
aligned and separated by a distance s>>t, being t the specimen thickness. The specimen resistivity is obtained 
from the measurement of voltage (V) between the internal electrodes and current injection (I) between the 
external electrodes (see Fig. 1). To inject the current a model 220 Keithley current source was used and for 
voltage measurement a model 617 Keithley electrometer was employed. Currents used were 10-6, 10-7, 10-8 
and 10-9 A, being the limiting output voltage 90 V. The distance s=3.5 mm between the electrodes is given by 
the matrix. Every resistivity measurement was performed at 50 ºC and in a dry environment. 
 
 
 
 
 
Fig. 1: Used configuration to measure the conductivity by the four point method  
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Figs 2: a) LEDs light source array (  = 505 nm) b) and c) specimen ensamble to measure the conductivity. The connectors contact with 
the specimen is made through pressed metallic terminals.  
 
 
Seven sets containing LEDs with a determined wavelenght  were built as light sources to measure the 
photoconductivity, as it is shown in the Figure 2.a. LEDs with wavelenghts of 395 nm (UV), 465 nm (blue), 
505 (cyan), 522,5 nm (green), 591 nm (yellow), 605 nm (amber), 625 nm (red) y 940 nm (near IR) were used.  
 
The sample was mounted on a support, which was designed and built at CINSO, with contacts enabling the 
current feeding and the voltage measurements. These terminals connect the sample by pressuring metallic 
connectors (Figures. 2.b and c). The arrays with the aligned LEDs illuminating the film is placed on the top of 
the specimen  
The whole system is conveniently prepared to be heated in a tubular furnace at 50 ºC in order to: l) maintain 
the film in absolute darkness and isolated of any source of luminic excitation other than radiation from the 
LEDs ; 2) to reduce to the minimal value the environmental humidity so as not to mask the photoconductivity 
measurements. In order to fulfill the last requirement, a silica-gel pack was placed on the system and the 
whole ensemble was closed in a sealed bag and put in the furnace at 50 ºC. 
Once placed the specimen in the furnace, in darkness and at 50 ºC, the dark conductivity was measured. 
Afterwards, the photoconductivity was studied illuminating with different LEDs of a given determined , 
previously mounting the system and feeding the light source with a current of 10 mA. The photoconductivity 
was also measured decreasing the intensity of the LEDs source and feeding with 1mA. In every measurement, 
it has been waited for the necessary time to stabilize the experimental value. 
 
3. Results and discussion 
The XRD diffractograms corresponding to the studied films are observed in Figure 3. The Bragg peaks were 
indexed assuming that the films are composed by ZnO nanocrystals, with hexagonal wurtzite structure. 
 
 
 
 
 
 
 
 
a b c 
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Fig. 3: GIXRD spectra of specimens with 8 and 12 layers (ZS8 y ZS12). 
 
In Figure 4, one of the specimens composed of 8 layers (ZS8) is observed by AFM, enabling the image to 
verify the film homogeneity.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: AFM image of ZS8 specimen: on the left: film topography, on the right: specimen profile measured on the step of a lineal scratch 
made on the film. Meas. thickness: 147 nm. 
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Fig. 5: Profile of the scratch step of the ZS8 specimen as observed by FESEM. Measured thickness: 146 nm. 
 
The Figure 5 corresponds to a FESEM micrograph of the same specimen composed of 8 layers, in which the 
profile was before observed. The mean film thickness is approximately 146 nm. For every studied specimen, 
the thickness resulted proportional to layers number, being each layer near 18nm thick.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: Photoconductivity values, as obtained by the four-point method, on a 12 layers specimen. Measurements were performed at 50 ºC 
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with a feeding of LEDs at 10mA and 1mA 
Figure 6 shows the photoconductivity values, as obtained by the four-point method, on a 12 layers specimen. 
The measurements were performed at 50 ºC with a feeding of LEDs at 10 mA and 1mA. It was possible to 
observe that for lower  values, the conductivity values resulted several orders of magnitude higher than those 
corresponding to major  values.  
 
4. Conclusions 
Films are highly sensitive to excitation light especially for wavelengths near the UV, decreasing 
approximately linearly to longer wavelengths. With the purpose of stabilize the surface some improvements 
have been achieved by controlling the environment. In order to obtain repetitive results it is very important to 
begin by a well stable measurement at dark conditions. Photoconductivity properties demonstrate the 
suitability of ZnO films grown by spin-coating technique for UV detectors. Dark conductivity increases more 
than four-orders of magnitude when samples are illuminated by LEDs at a bias of 10 mA and 1 mA. 
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